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ABSTRACT

Several hydro geochemical processes controlling the geochemistry of aquifers, the suitability of groundwater for agriculture,
and routine use were assessed in the Pulivendula area during the current survey. To characterize the main physicochemical
components of the aquifer water, a total of 24 drilling locations were selected. The findings showed that the groundwater had
an alkaline pH. Due to the ideal limits of total dissolved solids, magnesium (Mg2+), sodium (Na"), potassium (K"), sulphate
(SO4%), and chloride (CI), the majority of samples fall within the appropriate range. Residential use of groundwater should
be avoided in areas when EC, total hardness, calcium (Ca®"), and nitrate (NO5") slightly exceed recommended standards. With
very few exceptions, the groundwater in the research region is appropriate for human consumption, according to the analytical
findings. The Piper diagram was utilized to analyze all samples to identify the primary hydro geochemical components found in
groundwater. In this area, cations predominate in groundwater with Ca®">Na' > Mg*"> K, followed by anions HCO; > CI >
SO,* > F . According to the Gibbs plot study, the primary hydro geochemical mechanism controlling the geochemistry of the
groundwater in this area is the rock-aquifer interaction. It was discovered that the greatest number of water samples was ideal

for cultivation.
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1. INTRODUCTION

The main supply of water for agriculture, industry, home usage, and
drinking is groundwater [1-4]. The increasing demand for groundwater
may be attributed to several factors, including the rapid rise of the
population, the development of irrigation, and the increasing trend
of industrialization [5-8]. The main causes of anthropogenic
contamination, which comes from sources like industrial effluents,
agricultural fertilizers, municipal waste water, septic tank effluent,
landfills, and animal wastes, are also responsible for the degradation
of groundwater quality. A high level of human health and agricultural
productivity are directly correlated with water quality [9-11]. In many
regions of India, the lack of clean, drinkable water has become one of the
most important developmental challenges in recent years [12-14]. Both
natural processes and human activity have an impact on groundwater
quality, which is a global environmental concern [15,16].

Human health is greatly impacted by the quality of groundwater. A little
shift in the quality of the water indicates that the water ecosystem is not
working properly [17,18]. Because of weathering from source rocks,
human activity, and regional environmental and ecological factors,
physical and chemical soluble characteristics have a significant impact
on groundwater quality [19-21]. Excessive accumulations of pollutants
on the land and contamination of available surface and subsurface
water resources were caused by the careless disposal of anthropogenic,
agricultural, and mining wastes, the unplanned application of
agrochemicals and fertilizers, and public ignorance of environmental
concerns [22]. Numerous factors influence the chemical makeup
of groundwater, such as precipitation composition, the geology and
mineralogy of aquifers and watersheds, and the geological processes
that occur inside aquifers [23,24].
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Different kinds of water result from the interplay of all these
variables. A sustainable development of water resources requires an
understanding of the geochemical evolution of groundwater [25].
Geological formations and human activity have a significant impact
on the physical and chemical characteristics that determine how the
quality of groundwater varies in a given location [26,27]. Water of poor
quality has a negative impact on human health and plant development.
Soil, lithology, and geology are some of the key elements that affect
water quality. Depending on variations in geological formations, water
quality can change [28]. Due to water contamination brought on by the
disposal of overburden in and near mining zones [29,30]. The depth of
the water table, location, and season all affect how pure the groundwater
is [31]. The amount and make-up of dissolved solids in water determine
the quality in the main [32]. The weathering of rocks and subsequent
contributions from soils can both contribute to the area’s groundwater
quality degradation [33,34]. To determine if the groundwater in and
around Pulivendula, Kadapa district, Andhra Pradesh, is suitable for
human consumption, this article examines a number of chemical
parameters.
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2. METHODOLOGY

To evaluate the groundwater quality, 24 groundwater samples
were taken in the Pulivendula region from chosen bore wells (deep
aquifer) and dug wells (shallow aquifer) during the pre-monsoon
and post-monsoon seasons of 2024 (May and October). These 1-liter
plastic containers that had been previously cleaned were used to
gather the water samples. Groundwater sample physicochemical
analyses were conducted using American Public Health Association
(APHA) standard operating procedures. Following the collection of
groundwater samples in the field, the physical characteristics, such as
pH, electrical conductivity (EC), and total dissolved solids (TDS), were
determined right away. The spectrophotometer was used to analyze the
sulfate (SO4”), fluoride (F"), and nitrate (NO; "), while the titrimetric
method was used to analyze the bicarbonates (HCOs ), calcium (Ca2+),
magnesium (Mg2+), and chloride (Cl). The flame photometer was
used to estimate the chemical parameters such as sodium (Na") and
potassium (K"). Tables 1 and 2 show the physical characteristics and
results of the chemical analysis of groundwater samples.

2.1. Location Accessibility

The area lies between Pulivendula situated between parallels of
78°08°0” to 78°19°0” E L and 14°13°30” to 14°30°0” N L with
intended boundary falling in Survey of India topographic sheet 57J
03 on 1:50,000 scale covering an of over 720 km?. The study area is
shown in Figure 1.

2.2. Physiographic and Climate

The research area’s southern and central regions are made up of
lowlands, ridges, and tall hills. In the research region, contour values
vary from 200 to 600 m. There is a 1-35° range in the slope category.
The Mogamureru River is the sole seasonal river in the research region,
receiving its water during the monsoon season (June to October) and
flowing northwest through the southern portion of the study area.
The same region is also covered by a few large tanks. The average
annual temperature is 32°C, with 100—150 cm of precipitation and a
dry environment. December is thought to be the coldest month (25°C),
and May is thought to be the warmest (45°C). Every crop is longer
than 120 days.

2.3. Study Area

In the drought-stricken and economically challenged Kadapa district
of Andhra Pradesh, Pulivendula Mandal is an overfished Mandal.
Anantapur district borders the Mandal on the south, Vemula Mandal on
the east, Thondur Mandal on the north, and Anantapur district on the
west. It is situated in the Kadapa district’s western region [Figure 1].
The research region, which covered 182.6 km? geographically, had a
dendritic structure as a result of geological formations.

2.4. Geology

The research region is a part of Southern India’s most important
Purana basins. The Lower Cuddapah Super group’s Papaghni and

Table 1: Physicochemical parameters concentrations of the study area during pre-monsoon

Sample No. Welldepth(M) pH TDS EC TH Ca* wMg¥ K' Na* < NO¥ SO HCO; F
1 20 7.9 12082 7249 7325 1377 944 284 246 1635 329 2654 4536 1.7
2 25 84 1219.6 731.7 6246 953 939 196 376 1754 514 2654 4608 1.9
3 35 82 12865 771.9 6802 113.1 966 094 27.6 1750 504 2334 5483 25
4 20 8 1090.0 6540 6332 1227 794 162 9.6 1485 179 2504 4386 3.5
5 31 79 13308 7985 831.7 1527 1094 2.8 39.6 1785 479 2804 4686 4.3
6 35 7.65 1341.8 805.1 7238 1103 1089 152 526 1904 664 2804 4758 4.1
7 39 8.15 14083 8450 779.4 1281 111.6 1.62 426 190.0 654 2484 5633 4.4
8 20 768 11055 6633 6114 1057 844 1.8 146 1535 229 2554 4436 1.0
9 27 839 11167 670.0 5035 633 839 278 276 1654 414 2554 4508 1.0
10 55 7.87 11849 711.0 559.1 81.1 866 254 17.6 1650 404 2234 5383 3.0
11 34 795 10653 6392 5122 907 694 1.62 469 1385 379 2404 4286 3.5
12 60 747 1293.6 7762 7993 1727 894 121 69.6 1495 564 2140 5286 4.0
13 45 739 12105 7263 725.1 1603 789 298 726 1004 554 1404 5858 3.9
14 38 799 12056 723.4 7558 168.1 816 1.78 72.6 90.0 229 1284 6233 4.1
15 30 775 11586 6952 6273 1467 634 212 436 1235 529 1880 5026 3.5
16 26 831 10957 657.4 5531 1343 529 224 466 744 714 1144 5598 4.0
17 42 843 11126 6675 5838 1421 556 136 369 640 704 1024 5973 43
18 30 82 1088.1 652.8 5958 1407 594 154 59.6 1285 279 2304 4186 3.6
19 34 705 13220 7932 647.1 1283 794 238 62.6 1835 464 2714 5283 2.8
20 28 8.04 11920 7152 623.6 1361 689 22 626 1954 454 2394 4186 2.7
21 40 8.1 12604 7562 5812 1147 716 092 33.6 1950 429 2564 5186 29
22 45 8.5 1321.1 792.6 475.1 1023 534 1.02 36.6 1585 614 2864 5758 23
23 38 8.07 1361.0 816.6 451.6 110.1 429 218 269 1704 604 2864 6133 2.8
24 37 84 1201.6 7209 4592 1087 456 194 496 1700 279 2544 4926 3.1

EC: Electrical conductivity, TH: Total hardness, TDS: Total dissolved solids, SO427: Sulphate, F : Fluoride, NO; : Nitrate,
HCO®": Bicarbonates, Ca>": Calcium, Mg2+: Magnesium, CI": Chloride, Na': Sodium, K': Potassium
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Table 2: Physicochemical parameters concentrations of the study area during post-monsoon

Sample No. Welldepth(M) pH TDS EC TH Ca*®* Mg" K Na* CI' NO; SO HCOy F
1 25 74 10603 6362 6002 117.7 744 324 246 1435 129 2454 4336 17
2 30 79 10708 6425 4923 753 739 236 17.6 1554 314 2454 4408 1.1
3 40 7.7 11390 6834 5479 931 766 134 7.6 1550 304 2134 5283 3.0
4 25 75 9421 5653 5009 1027 594 202 350 1285 325 2304 4186 3.5
5 36 74 11825 7095 699.4 1327 894 32 196 1585 279 2604 4486 3.9
6 40 7.15 11912 7147 5915 903 889 192 326 1704 464 2604 4558 49
7 44 765 12565 7539 647.1 108.1 91.6 202 226 1700 454 2284 5433 22
8 25 718 990.6 5944 479.1 857 644 158 358 1335 29 2354 4236 3.7
9 32 789 968.1 5809 3712 433 639 3.18 7.6 1454 214 2354 4308 3.8
10 60 737 1033.5 620.1 4268 61.1 66.6 294 458 1450 204  203.4 5183 12
11 39 745 9369 5621 3799 707 494 202 269 1185 179 2204 4086 2.6
12 55 84 11619 6972 667.0 1527 694 161 496 1295 364 1940 5086 2.7
13 50 83 1080.3 6482 5928 1403 589 338 526 804 354 1204 5658 4.1
14 43 749 10727 643.6 6235 1481 616 218 526 700 2.9 1084 6033 1.6
15 35 725 10394 623.6 4950 1267 434 252 236 1035 329 1680 4826 1.7
16 31 781 9407 5644 4208 1143 329 264 266 544 514 944 5398 25
17 47 793 960.5 5763 4515 1221 356 176 169 440 504 82.4 5773 40
18 35 77 9589 5753 4635 1207 394 194 396 1085 79 2104 3986 4.1
19 39 769 1173.6 7041 5148 1083 594 278 426 1635 264 2514 5083 4.4
20 33 754 10687 6412 4913 1161 489 26 426 1754 254 2194 3986 29
21 45 7.6 11387 6832 4489 947 516 132 13.6 1750 229 2364 4986 3.0
22 50 8 11829 709.8 3428 823 334 142 166 1385 414 2664 5558 3.9
23 43 757 1190.1 7141 3193 90.1 229 258 69 1504 404 2664 5933 54
24 42 7.9 1032.1 6193 538 887 256 234 296 1500 7.9 2344 4726 55

EC: Electrical conductivity, TH: Total hardness, TDS: Total dissolved solids, SO427: Sulphate, F—: Fluoride, NOs : Nitrate,
HCO5: Bicarbonates, Ca>*: Calcium, Mg2+: Magnesium, CI : Chloride, Na': Sodium, K': Potassium

Chitravati groups make up the stratigraphically studied region [35].
Lithologically, this area is made up of enormous limestone, dolomite,
basalt, shale, conglomerate, and some of the most common intrusions
(sills) [Figures 2 and 3]. The pediment, pediplain, denudational hills,
and structural hills are the main geomorphic characteristics in this
area. Groundwater is present in the worn areas of the Chitravathi
and Papaghni rock formations. The existence of multiple joints,
fractures, and fissure zones in this kind of rock is primarily
responsible for the water found in drilled wells in this area. There
are good aquifers made of massive limestone, shale, and quartzite,
and permanent groundwater levels are often shallow. The depth of
the water varies from 10 m to 50 m [36]. Important crops include
sweet lime and paddy; banana plantations also yield seasonal fruits
like lemon and sweet lime. There is an average of 600-650 mm of
rainfall per year, and the north-east monsoon and south-west wind
both have an impact.

2.5. Geographical Information System (GIS) Analysis

Understanding water quality study and map development requires the
use of GIS. The current investigation was conducted using Arc GIS
10.3 and topographical sheets. Examine the area map created using
1:50,000 scales then create base maps using the World Geodetic System
(WGS) 1984 coordinate system. Throughout the study region, the
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sample collection mapping was delineated using GPS measurements.
Using bar graphs and charts, the extended module of Arc GIS 10.2 was
utilized to create a range of distribution maps on hardness, pH, and
other important cations and anions.

3. MECHANISM CONTROL FACTORS
3.1. Gibbs Diagram and Scatter Plots

Evaporation is a crucial factor that can change groundwater chemistry
in addition to precipitation and the water-rock interaction (rock
dominance) [37]. Because the majority of the samples occur within the
carbonate weathering zone, the scatter plot between the Ca’'/Na' and
Mg?'/Na' values indicates that rock—water interaction is often related
with silicate weathering [38].

3.2. Hydro-facial

The chemical makeup of groundwater solutions observed in
hydrogeochemical systems is referred to as hydrogeochemical
facies [39]. Determining the facies is helpful in comprehending
the connections and similarities between various ions found in
the groundwater of an aquifer as well as the impact of chemical
interactions between minerals and groundwater that take place within
a lithological framework. Although there are several methods for
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Figure 1: Study area.

ey T i e
Figure 2: Stramatolites in Vempalle formation.

interpreting groundwater hydrogeochemistry, including graphical
and statistical analysis, Piper and Gibbs diagrams are frequently
utilized to determine hydrogeochemical facies [40]. Six fields [41]
are used to depict this diagram: Ca®'- HCO; type, Na'- Cl type,
Ca*'- Mg*'- Cl- type, Ca®'- Na'+ HCO; — type, Ca®'- CI” type, and
Na+- HCO; — type.

3.3. Saturation Index (SI)

The SI studies the chemical equilibrium of processes involving
minerals and aqueous species [42]. The groundwater sample
saturation indices were computed using Phreeqc Interactive
version 3.4. The formula that defines the SI system is SI = log10
IAP K mineral, where IAP stands for the ion activity product and
K mineral for the solubility constant of the mineral. The soluble
mineral in the water sample is fully saturated when SI is equal to
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Figure 3: Quartzite hill and Vempalle formations just below
quartzite hills and shale beds.

0 [43-45]. Positive specific gravity (SI) values suggest that the
sample is super-saturated, which will lead to the mineral tending
to precipitate; negative SI values indicate that the sample is under-
saturated, and the mineral will dissolve.

4. RESULTS AND DISCUSSION

Chemistry of groundwater Evocative data are calculated and
compared with the World Health Organization [46] drinking water
quality guidelines [Tables 1 and 2] to assess whether groundwater
is suitable for human use. The pH scale runs from 7.0 to 8.5, 7.15
to 8.4, and the mean value of 8 indicates that the groundwater is
alkaline. The groundwater samples have EC values ranging from
639.2 to 845 uS/cm and 562.1 to 753.9 uS/cm, respectively, with a
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mean of 729.5 uS/cm for both seasons. A higher EC value denotes
a greater salinity and mineral content in groundwater that has low
runoff, high infiltration, and a specific type of discharge [47]. On
the other hand, high elevated terrain, heavy runoff, low infiltration
and recharge water type, and low salt enrichment are typically
linked to low EC values. All inorganic salts that indicate the
salinity of the water and its acceptability for human consumption
are included in the total dissolved solids (TDS) in water [37]. The
TDS in groundwater samples has a mean value of 1215.9 mg/L for
both seasons and varies from 1065.3 to 1408.3 mg/L and 936.9
to 1256.5 mg/L [Table 3]. Because nearly all of the samples are
beyond the groundwater’s EC and fall below the permissible
limit of 500 mg/L, they cannot be used for irrigation or drinking.
Groundwater water’s total hardness (TH) is a result of the presence
of metal ions such as Ca*' and magnesium. Higher quantities of
water containing TH (>300 mg/L) have been linked to health
concerns, including renal difficulties. Hard water is therefore
inappropriate for use in homes. Consequently, it is discovered that
groundwater is unsuitable for agriculture, irrigation, and drinking
in the majority of the research region [48].

4.1. Cation Chemistry

Because it promotes the formation of teeth and bones, the
concentration of Ca®" cation in groundwater is a crucial aspect of
groundwater chemistry. Table 2 indicates that the Ca’' content in
the analyzed samples fluctuates between 63.3 and 172.7 mg/L and
between 63.3 and 172.7 mg/L [Figure 4]. The average values for both
seasons are 123.6 and 123.6 mg/L, respectively. When compared
to the World Health Organization (WHO) guidelines, it shows a
slightly higher Ca®" concentration. Ca”'-enriched groundwater is
typically found in rocks and minerals such as shale, dolomite, and
limestone, as well as in minerals like pyroxene, amphibole, and
plagioclase. Moreover, ion exchange and the existence of carbon
dioxide in the soil zone are additional sources of Ca>" entering the
groundwater [49]. In the same way, the majority of these rocks and
minerals in the research region provide Ca*' to the groundwater.

Magnesium is typically found in natural waterways alongside
Ca®". It can also come from human (such as mining operations and
industrial waste) or geogenic (seawater, ferro-magnesium rocks,
and ion exchange) sources. According to Table 3, its content in
the study region ranges from 42.9 to 111.6 mg/L and from 22.9 to
91.6 mg/L, with averages of 77.6 and 57.6 mg/L for each season.
The majority of samples have K concentrations that are found to
be below the allowable limits, and only a small number of samples
have K’ concentrations that are found to be beyond the allowable
limits as per the WHO guidelines [Table 2]. In the research region,
cations were found to be more abundant in the following order:
Ca’ >Na'> Mg2+ > K"

4.2. Anion Chemistry

The most significant chemical present in natural water is HCO; .
HCOs , which contributes to the alkaline quality of groundwater, is
often produced by the weathering of silicate rocks, although it may also
arise from primary carbonate and calcareous rocks [50]. Its content in
the region is well under the allowable limit, ranging from 418.6 to
623.3 mg/L and 398.6 to 603.3 mg/L [Table 3], with averages of 509.7
and 489.7 mg/L for each season.

A major anion present in groundwater is Cl, which can come from
a variety of sources, including human sources, leaching, and the
weathering of various minerals [11]. Due to its high concentration in
groundwater, it has a salty taste and can cause kidney stones, which is
bad for human health [51]. The CI™ content in the study region ranges
from 64.0 to 195.4 mg/L and 44.0 to 175.4 mg/L [Table 3], with an
average of 152.0 and 132 mg/L for each season. These results show
that the groundwater in the area is safe to drink and is within allowable
limits [46].

Geogenic and anthropogenic sources can produce SO4>, which,
at high concentrations, renders groundwater unfit for human
consumption. Rich in gypsum material, carbonate sedimentary rocks
are the geogenic source of SO,*". With an average of 229.6 mg/L
and 209.6 mg/L for both seasons, respectively, its concentration

Table 3: Descriptive statistics of the physicochemical parameters of groundwater in the Mogamureru River basin

Parameters WHO international standard (WHO 2017) Study area ranges Study area ranges
(PRM) (POM)
Desirable limits Permissible limits Min Max Min Max
pH 6.5 8.5 7.05 8.5 7.15 8.4
EC - - 639.2 845 562.1 753.9
TDS 500 1500 1065.3 1408.3 936.9 1256.5
TH 100 500 451.6 831.7 3193 699.4
HCO; - - 418.6 623.3 398.6 603.3
S0 200 400 102.4 286.4 82.4 266.4
Cl 200 600 64 195.4 44 175.4
NO* 50 - 17.9 71.4 2.9 514
F 0.5 1.5 1 44 1.1 5.5
Ca** 75 100 63.3 172.7 63.3 172.7
Mg** 50 150 42.9 111.6 22.9 91.6
Na’ - 200 9.6 72.6 6.9 52.6
K* - 12 0.92 2.98 1.32 3.38

WHO: World Health Organization, EC: Electrical conductivity, TH: Total hardness, TDS: Total dissolved solids, SO, Sulphate, F : Fluoride,
NO; : Nitrate, HCO5 : Bicarbonates, Ca’": Calcium, Mg2+: Magnesium, CI: Chloride, Na+: Sodium, K': Potassium, PRM: Pre monsoon,

POM:Post monsoon
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varies from 102 to 286.4 mg/L and 82.4 to 266.4 mg/L [Table 3];
this indicates that they are within the allowable limit in accordance
with established guidelines [46; Table 2]. The dissolution of F
in groundwater derived from F -bearing minerals is primarily
responsible for the higher concentration of F . The dissolution of
F in groundwater derived from F -bearing minerals is primarily
responsible for the higher concentration of F . This process is
influenced by a number of factors, including the source rocks, well
depth, residential period, and favorable environments for the upward
rise of deep-seated groundwater [52]. The groundwater samples
exhibit a range of F concentrations, from 1 to 4.4 mg/L and 1.1 to
5.5 mg/L [Table 3], with averages of 3.1 mg/L and 3.2 mg/L for both
seasons, respectively. This suggests that a majority of the study area’s
samples surpass the permission limit [46]. The geogenic processes
of weathering, ion exchange, and leaching are most likely the cause
of the samples with moderate-to-high F~ concentrations. Dental
fluorosis is often brought on by ingesting groundwater that is high in
F (>1.50 mg/L) [53].

These days, concentrations of NO; , particularly in places where
industrialization, intensive agriculture, and population increase
have been observed, are thought to be significant groundwater
pollutants [54]. NO3 can originate from either geological or human
sources. The primary man-made sources of NO3 in groundwater
include septic tanks, pipe leaks, and agricultural runoff resulting
from the use of various fertilizers in human populated areas.
Groundwater’s high NO; content results in health issues that

can progress to cancer, stomach issues, and Methaemoglobinemia
(also known as “Blue baby” sickness) [55]. The study area’s NO3~
concentrations range from 17.9 to 71.4 mg/L and 2.9 to 51.4 mg/L,
respectively [Table 3]; the average for both seasons is 46.5 mg/L,
although groundwater samples slightly above the desired limit [46].
The statistical analysis with help of arc GIS of the research field is
displayed in Figure 4.

The results show the dominance of anions as HCO; > SO,* > CI >
NO; >F in the study area.

4.3.Gibbs Diagram and Scatter Plot

The bulk of the groundwater samples in our investigation, according
to gibbs diagram (GD), was found in the rock-weathering dominance
field [Figure 5] [37]. This implies that the primary natural factor
influencing the chemistry of groundwater is the interaction between
water and rock. The replenishment of fresh surface water into fresh
groundwater is referred to as “rock-weathering dominance.” Moreover,
it implies that groundwater contains the bulk of dissolved carbonate
minerals. Furthermore, it is evident that evaporation processes had
an impact on groundwater, suggesting that there was a significant ion
exchange between groundwater and solid components in surrounding
sediment. Based on the analysis of the scatter plot research area, it
was determined that the best governing mechanism for determining
the hydrochemistry of the silicate-rock materials in the study region is
silicate weathering [Figure 6].
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KROS Publications 37 www.ijacskros.com




Indian Journal of Advances in Chemical Science

PRM POM
S S
"o =— e 000 = pmasax
N -
» L R
+ I Ty W e | vy e e ]
° L] (1] 1 1 ® °. os L L o "w ”
Na A NavCa)
PRM POM
100000 = 100000 =
10000  =— 10000 :—'
g 1000 :d" é 1000 B
- - -
-
=
100 _-._... 100
. :'— 10
s L L 1 (.|
o L o4 o8 o » 12 ° 02 04 o8 o8 10 12
CHCHHCO3) CUCIHHCOY)
Figure 5: Gibb’s diagrams for pre and post-monsoon.
* * POM
s i Gasouzon
10 - 0 -
= & =
weathenng
1 . 1 — -
2 H
01 T 01 =T I
it ot
001 —— | S| 001 ——
| e e —
0001 001 01 1 10 100 0001 001 01 1 10 100
o ca'Na
Figure 6: Scatter plots for pre and post-monsoon.
Piper Diagram (Pre-Monsoon)
Legend Piper Diagram (Post-Monsoon)
Hydrochemical —
Facies Byt«:r‘-kl
e re
(1) Ca-Mg-Cl- .
(INaKcLSon (th CaMecrson

(IV)Na.K-HCO3
Water Type

(1) Ca-Mg-HCOs
@) Ca-Mg-SO+
() Na.Q1

(4) Na.HCO:
(5) Na-HCO)-C1
(6)Ca-Mg-Cl

(I Na.KC1.S0¢
(IV)Na-K-HCO3

Water Type

(1)Ca-Mg-HCO»
) Ca-Mg-SO«
@) NaCl

(4) Na-HCO»
($) Na-HCO)-C1
(6 Ca-MgCl

——— O —

9% Son Ton 6on Bon don Moen 2en Qow

1o 2ov Son 4w Bon 6o Ton Son 9ow
—ee O ——p

v Bon Ton 6n Bin G M
— 2 —py

3 des

Ton 2o Jon &n Bon 6n Ton Son 9on
—

Figure 7: Piper diagrams for pre and post-monsoon.
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Figure 8: Saturation index.

4.4. Hydro Geochemical Facies

An aquifer system’s anions and cations’ hydrogeochemical properties
are shown in a piper diagram [41]. To determine the overall geochemical
character and water quality, the concentrations of the anions (C1 , HCOs
and SO427) and cations (Ca2+, Mg2+, Na', and K were shown in this
diagram. Plotted sample data in this study indicate that water samples
fall into four different feldspars, with 90% of samples falling into the
Ca?'- Mg®'- HCO;facies and the remaining samples falling into other
facies [Figure 7]. The Ca’"- Mg*'- HCO; water type demonstrates that
the predominant cations are Ca>" and Mg”', whereas the major anion is
HCO;—. The findings therefore show that weak acids (HCO; ) and alkaline
earth metals (Ca®*, Mg®") control the hydrochemistry of the groundwater.

4.5. 81

Index of Saturation SI helps the groundwater system realize its reactive
minerals since it is impacted by a variety of solutes that come from the
contact with the adjacent sediments. According to SI standards, the
majority of groundwater samples (5, 7, 10, 12, 13, 14, 15, 19, 20, 23,
and 24) were supersaturated by dolomite mineral, whereas the rest of
the samples are under saturated. Sample No. exhibits super saturation
with calcite, whereas samples Nos. 5, 12, 13, 14, 15, 23, and 24 exhibit
super saturation by dolomite mineral, and the other samples are under
saturated [Figure 8].

5. CONCLUSIONS

The chemistry of groundwater is significantly influenced by a variety
of processes, including evaporation throughout flow pathways,
dissolution, and contact with rocks. Saturation indices for carbonate
(calcite, dolomite, and aragonite) and evaporite (anhydrite, gypsum,
halite, and sylvite) minerals showed that most groundwater samples
significantly under saturated. The earth’s alkaline ions rise as a result,
and the predominant carbonate mineral dissolves in the groundwater.
In groundwater, evaporite mineral dissolution predominates. The Gibbs
diagram illustrates how new groundwater recharges from fresh surface
water, with the bulk of the samples being plotted in the rock dominance
field. Since some of the samples included saline groundwater, it
is likely that the groundwater has been contaminated by dissolved
evaporites, older deep water, and/or saline surface water along the flow
route. The predominant mineral dissolution found in the groundwater

KROS Publications

samples was carbonate and evaporite. The results demonstrated that
surface water sources with Ca-Mg-HCO; and Na-HCO;-Cl water
types, as well as the presence of bicarbonate ions in the groundwater,
are the primary sources of groundwater recharge. The main controlling
factors influencing groundwater salinity are SO,* ions, carth alkaline
elements, and alkali. Due to the ideal limits of TDS, Mg', Na*, K",
SO,”, and CI, the majority of samples fall within the appropriate
range. Residential use of groundwater should be avoided in areas
when EC, total hardness, Ca’, and NO; slightly exceed recommended
standards. It was discovered that the greatest number of water samples
was ideal for cultivation.

6. REFERENCES

1. N. S. Rao, A Dinakar, M. Sravanthi, B. K. Kumari, (2021)
Geochemical characteristics and quality of groundwater
evaluation for drinking, irrigation, and industrial purposes from a
part of hard rock aquifer of South India, Environmental Science
and Pollution Research, 28: 31941-31961.

2. G.Chandnani, P. Gandhi, D. Kanpariya, D. Parikh, M. Shah, (2022)
A comprehensive analysis of contaminated groundwater: Special
emphasis on nature-ecosystem and socio-economic impacts,
Groundwater for Sustainable Development, 19: 100813.

3. G. Ravindiran, S. Rajamanickam, S. Sivarethinamohan, B.
Karupaiyasathaiah, G. Ravindran, S. K. Muniasamy, G. Hayder,
(2023) A review of the status, effects, prevention, and remediation
of groundwater contamination for sustainable environment,
Water, 15(20): 3662.

4. K. Sharma, S. Rajan, S. K. Nayak, (2024) Water pollution:
Primary sources and associated human health hazards with special
emphasis on rural areas. In: Water Resources Management for
Rural Development, Netherlands: Elsevier, p3-14.

5. K. M. Ahmed, (2021) Challenges of sustainable groundwater
development and management in Bangladesh: Vision 2050. In:
Global Groundwater, Netherlands: Elsevier. p425-438.

6. R.Panhwar, A. Abro, A. R. Kandhro, N. Khaskheli Jalbani, K. A.
Gishkori, S. Qaisar, (2022) Global water mapping, requirements,
and concerns over water quality shortages. In: Water Quality-
New Perspectives, London: IntechOpen.

www.ijacskros.com



Indian Journal of Advances in Chemical Science

2025; 13(1): 32-42

7.

10.

11.

12.

13.

16.

17.

18.

19.

20.

21.

R. Sabale, B. Venkatesh, M. Jose, (2023) Sustainable water
resource management through conjunctive use of groundwater
and surface water: A review. Innovative Infirastructure Solutions,
8(1): 17.

C. Rout., R. Singh (2024), Water resources management in India:
Current state and challenges. In: National Conference on Science
Technology Engineering and Management (STEM-2024).

R. Ramya Priya, L. Elango, (2022) Geogenic and anthropogenic
impacts on the water quality of cauvery river. In: Riverine
Systems: Understanding the Hydrological, Hydrosocial and
Hydro-Heritage Dynamics, Cham: Springer International
Publishing, p149-170.

L. Kumar, R. Kumari, A. Kumar, I. A. Tunio, C. Sassanelli,
(2023) Water quality assessment and monitoring in Pakistan:
A comprehensive review, Sustainability, 15(7): 6246.

N. S. Rao, R. Das, H. K. Sahoo, S. Gugulothu, (2024)
Hydrochemical characterization and water quality perspectives for
groundwater management for urban development, Groundwater
for Sustainable Development, 24: 101071.

R. Sathre, S. M. Antharam, M. Catena, (2022) Water security
in South Asian cities: A review of challenges and opportunities,
CivilEng, 3(4): 873-894.

N. Bassi, T. Rietky, Y. Kabir, A. Bhaduri, G. Schmidt, E.
Khanduja, M. K. Martawidjaja, (2023) Improving Access to
Safely Managed Drinking Water Services: Recommendations
for G20 Emerging Economies, [T20 Policy Brief].

M. Kumar, R. Kumar, (2024) Water management: Issues and
challenges. In: Advances in Water Management Under Climate
Change, United States: CRC Press, p17-34.

N. Shukla, S. Gupta, S. Rai, (2023) Potential impacts of climatic
changes and human activity on water quality. In: Environmental

Processes and Management: Tools and Practices for
Groundwater, Cham: Springer International Publishing,
pl103-111.

M. Shaikh, F. Birajdar, (2024) Groundwater and ecosystems:
Understanding the critical interplay for sustainability and
conservation, EPRA International Journal of Multidisciplinary
Research (IJMR), 10(3): 181-186.

B. Panneerselvam, N. Ravichandran, S. P. Kaliyappan, S.
Karuppannan, B. Bidorn, (2023) Quality and health risk
assessment of groundwater for drinking and irrigation purpose
in semi-arid region of India using entropy water quality and
statistical techniques, Water, 15(3): 601.

S. Bhatt, A. P. Mishra, N. Chandra, H. S. Sahu, K. Chaurasia, C.
B. Pande, J. Hunt, (2024) Characterizing seasonal, environmental
and human-induced factors influencing the dynamics of
Rispana River’s water quality: Implications for sustainable river
management, Results in Engineering, 22: 102007.

S. Ahmed, M. Mulhim, F. Qureshi, N. Akhtar, S. Lagudu, (2022)
Reckoning groundwater quality and hydrogeochemical processes
for drinking and irrigation purposes under the influence of
anthropogenic activities, North India, Pollutants, 2(4): 486-509.

A. Nayak, G. Matta, D. P. Uniyal, (2023) Hydrochemical
characterization of groundwater quality using chemometric
analysis and water quality indices in the foothills of Himalayas,
Environment, Development and Sustainability, 25(12):
14229-14260.

A. Mukherjee, P. Coomar, S. Sarkar, K. H. Johannesson, A. E.
Fryar, M. E. Schreiber, A. Vengosh, (2024) Arsenic and other
geogenic contaminants in global groundwater, Nature Reviews

KROS Publications

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

33.

Earth and Environment, 5: 312-328.

S. Pradhan, S. Chand, P. R. Chand, S. Rout, K. Naik, (2023)
Emerging groundwater contaminants: A comprehensive review on
their health hazards and remediation technologies, Groundwater
for Sustainable Development, 20: 100868.

M. Gouasmia, F. Dhahri, H. Azaiez, M. K. Zidi, M. Soussi,
(2023) Hydrogeological, geophysical, geochemical and statistical
integrated techniques to assess a multilayered groundwater
aquifer system in an arid region: The case of the Sbeitla aquifers
in Central Tunisia, Environmental Earth Sciences, 82(13): 320.
Y. Hamed, R. Hadji, R. Ahmadi, Y. Ayadi, K. Shuhab, A. Pulido-
Bosch, (2024) Hydrogeological investigation of karst aquifers
using an integrated geomorphological, geochemical, GIS, and
remote sensing techniques (Southern Mediterranean Basin-
Tunisia), Environment, Development and Sustainability, 26(3):
6943-6975.

S. P. Rai, K. V. Akpataku, J. Noble, A. Patel, S. K. Joshi, (2023)
Hydrochemical evolution of groundwater in northwestern part
of the Indo-Gangetic Basin, India: A geochemical and isotopic
approach, Geoscience Frontiers, 14(6): 101676.

V. Sivakumar, S. M. Chidambaram, S. Velusamy, R. Rathinavel,
D. K. Shanmugasundaram, P. Sundararaj, K. Balu, (2023) An
integrated approach for an impact assessment of the tank water
and groundwater quality in Coimbatore region of South India:
Implication from anthropogenic activities, Environmental
Monitoring and Assessment, 195(1): 88.

S. Mishra, M. S. Chauhan, S. Sundaramurthy, (2024) Assessing
groundwater quality dynamics in Madhya Pradesh: Chemical
contaminants and their temporal patterns, Environmental
Research, 252: 118887.

N. Mabharjan, S. P. Kayastha, C. Bhuiyan, (2024) Hydro-
geochemical and microbial analysis of springs in Raghuganga
rural municipality of Gandaki Province, Nepal. Environmental
Earth Sciences, 83(1): 13.

R. Kausher, R. Singh, A. K. Sinha, S. N. Sethy, S. Kumar, S.
Pandey, A. Mohamed, (2023) Assessing impacts of mining-
induced land use changes on groundwater and surface water
quality using isotopic and hydrogeochemical signatures,
Sustainability, 15(14): 11041.

P. Padhi, N. Bora, P. Sohtun, M. Athparia, M. Kumar, R. Kataki,
P. K. Sarangi, (2024) Remediation of mine overburden and
contaminated water with activated biochar derived from low-
value biowaste. Journal of the Taiwan Institute of Chemical
Engineers, 159: 105472.

M. Shehata, S. M. Zaid, S. T. Al-Goul, A. Shami, A. K. M. Al
Syaad, A. E. Ahmed,... & S. F. Abu Qamar, (2024) Integrated
management of groundwater quantity, physicochemical
properties, and microbial quality in West Nile delta using a new
MATLAB code and geographic information system mapping,
Scientific Reports, 14(1): 7762.

S. Ahmad, R. Umar, I. Ahmad, (2024) Assessment of groundwater
quality using Entropy-Weighted Quality Index (EWQI) and
multivariate statistical techniques in Central Ganga plain,
India, Environment, Development and Sustainability, 26(1):
1615-1643.

P. S. Ganvir, R. Guhey, (2023) An implication of enhanced
rock weathering on the groundwater quality: A case study from
Wardha Valley Coalfields, Central India. In: Weathering and
Erosion Processes in the Natural Environment, United States:
John Wiley and Sons, p215-242.

www.ijacskros.com



Indian Journal of Advances in Chemical Science

2025; 13(1): 32-42

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

T. Subramani, P. Gopinathan, V. Satheeskumar, D. Karunanidhi.
(2024) Role of geochemistry of rocks and soils for groundwater
quality in the Chithar River Basin, South India-an approach using
enrichment factor (EF) of trace elements and chemical index
of alteration (CIA). In: Modern River Science for Watershed
Management: GIS and Hydrogeological Application, Cham:
Springer Nature Switzerland, p381-402

B. K. Nagaraja Rao, S. T. Rajurkar, G. Ramlingaswamy, B.
R. Babu, (1987) Stratigraphy, structure and evolution of the
Cuddapah basin, Memoir Geological Society of India, 6: 33-87.
CGWRB, (2016) Ground Water Year Book of India 2014-15,
CGWB, Ministry of WR, RD and GR, Govt of India. Available
from: https://cgwb.gov.in/ground [Last accessed on 2024 Nov 02].
A. Asmoay, W. A. Mabrouk, (2024) Appraisal of rock-
water interaction and frailty of groundwater to corrosion and
salinization, northwestern Gulf of Suez, Egypt, Journal of Umm
Al-Qura University for Applied Sciences, 10(1): 39-50.
H.T.,Abadi, T.,Alemayehu, B.A. Berhe, (2024) Hydrogeochemical
characterization of groundwater in mountainous catchment and
its suitability for drinking purposes in Irob, Tigray, Northern
Ethiopia, Water Practice and Technology, 19: 1495.

B. Hamma, A. Alodah, F. Bouaicha, M. F. Bekkouche, A. Barkat,
E. E. Hussein, (2024) Hydrochemical assessment of groundwater
using multivariate statistical methods and water quality indices
(WQIs), Applied Water Science, 14(2): 33.

M. A. Sulaiman, M. M. Zafar, R. Prabhakar, R. Kumar, R. K.
Sinha, A. Kumari, (2023) A multivariate statistical approach
to evaluate the hydro-geochemistry of groundwater quality in
the middle Ganga river basin, Patna, India, Acta Geophysica,
72:1913-1926.

A. M. Piper. (1944) A graphical interpretation of water analysis,
Eos, Transactions American Geophysical Union, 25: 914-928.
C. Arulrajan, M. C. Wu, S. Porada, J. E. Dykstra, C. H. Hou, A.
Van der Wal, (2024) Mitigation of mineral scaling in membrane
capacitive deionization-Understanding the role of pH changes and
carbonates, Journal of Water Process Engineering, 60: 105094.
A. Mohamed, F. Asmoay, A. Alshehri, A. Abdelrady, A. Othman,
(2022) Hydro-geochemical applications and multivariate analysis
to assess the water-rock interaction in arid environments, Applied
Sciences, 12(13): 6340.

P. Singh, M. S. Rishi, L. Kaur, (2023) Hydrogeochemical
characterization of  groundwater under natural and
anthropogenically influenced areas located in Upper Ghaggar
River Basin, India, Environment, Development
Sustainability, 26: 1-23.

and

KROS Publications

41

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

G. K. Brhane, H. S. Mekonen, (2024) Identifying controlling
factors for the evolution of shallow groundwater chemistry
of Ellala catchment, northern Ethiopia, Sustainable Water
Resources Management, 10(2): 1-20.

World Health Organization, (2017) Safely Managed Drinking
Water: Thematic Report on Drinking Water, Switzerland: World
Health Organization.

H. Rasouli, K. Belhassan, A. Vaseashta, (2024) Hydrogeological
investigations of Paghman valleys in Kabul, Afghanistan,
Advances in Geological and Geotechnical Engineering
Research, 6(1): 1-20.

M. A. Gharaghani, A. Mohammadpour, M. Keshtkar, A.
Azhdarpoor, R. Khaksefidi, (2024) Quality evaluation and
health risk assessment of drinking water in Minab County:
Hydrochemical analysis and artificial neural network modeling,
Environmental Science: Water Research and Technology,
10(1): 250-262.

M. Knuever, D. Mele, R. Sulpizio, (2023) Mineralization and Skarn
formation associated with alkaline magma chambers emplaced in
a limestone basement: A review, Minerals, 13(9): 1184.

A. Ravindran, A. Promilton, J. V. Kingston, S. R. Abishek,
S. K. Aswin, R. Abinaya, R. S. Priya, (2024) Geophysical
and Geochemical Studies on Sinking Stream Occurrence in
Ayankulam Village of South Tamilnadu, India. In: Proceedings
of the Indian National Science Academy, p1-15.

D. Maji, S. Dutta, (2024) Strategies to safeguard drinking water
from hazardous chemical contaminants. In: Development in
Wastewater Treatment Research and Processes, Netherlands:
Elsevier. p419-441.

E. Shaji, K. V. Sarath, M. Santosh, P. K. Krishnaprasad, B. K.
Arya, M. S. Babu, (2024) Fluoride contamination in groundwater:
A global review of the status, processes, challenges, and remedial
measures, Geoscience Frontiers, 15(2): 101734.

S. Gupta, N. Mishra, A. Kumar, A. K. Yadav, (2024) Fluoride
pollution in subsurface water: Challenges and opportunities. In:
Advanced Treatment Technologies for Fluoride Removal in
Water: Water Purification, Germany: Springer Nature, p19-39.
C.D. Aju, A. L. Achu, M. Maharoof, M. C. Raicy, R. Reghunath,
G. Gopinath, (2024) Emerging nitrate contamination in
groundwater: Changing phase in a fast-growing state of India,
Chemosphere, 357: 141964.

M. Riaz, M. Ahmad, N. M. Mukhtar, N. Nawaz, (2024) Nitrate
contamination of soil and water: Implications for ecosystem
functions and human health. In: Inorganic Contaminants and
Radionuclides, Netherlands: Elsevier, p351-373.

www.ijacskros.com



Indian Journal of Advances in Chemical Science 2025; 13(1): 32-42

*Bibliographical Sketch

Dr. C. Krupavathi completed Ph.D. as DST-Inspire fellow from Department of science and technology, New Delhi. She
completed M.Sc., from Yogi Vemana University, Kadapa. She has received DST-Inspire fellow award in the year of 2018.
Her research interests are in the areas of Hydrogeochemistry, Water quality, Contamination of Water, Remediation methods.
Her contribution has been recognized in many peer-reviewed journals and book chapters.

Dr. S. Srinivasa Gowd obtained Ph.D. Degree from Sri Venkateswara, Tirupati.He has many publications in the peer
reviewed national and international Journals. He is currently working as Associate Professor in the Department of Geology,
Yogi Vemana University, Kadapa. He completed more than 16 years of teaching experience in Geology. He has been
awarded with CSIR-Research Associate, CSIR-Sr. Research Associate (Scientists’ Pool Scheme), and DST-Young Scientist
fellowships at National Geophysical Research Institute (NGRI), Hyderabad and Sri Venkateswara University, and Tirupati.
His research interests are in the areas of Environmental Geochemistry, Hydrogeochemistry, Remote Sensing and GIS and he
has supervised many M.Sc. students’ projects.

Dr. P. Ravi Kumar (DST-Inspire Fellow) obtained from Ph.D. Degreefrom Yogi Vemana University, Kadapa. He completed
M.Sc., from Yogi Vemana University, Kadapa. He has many publications in peer-reviewed national and international Journals.
He has received the DST-Inspire Fellow Award in the year 2019. His research interests are in the areas of Hydrogeology,
Hydrogeochemistry, Remote sensing and GIS, Groundwater Pollution, and Remediationmethods.

G. Nagalakshmi Devi completed M.Sc., in 2021 from Yogi Vemana University, Kadapa. She is working as Project Fellow
in the RUSA project. Her research interests are in the areas of Hydrogeochemistry, Water quality, Contamination of Water,
and Remediation methods.

U. Lahari completed M.Sc., in 2022 from Acharya Nagarjuna University, Guntur. She is working as Research Scholar in
the Department of Geology, Yogi Vemana University, Kadapa. Her research interests are in the areas of Hydrogeochemistry,
Water quality, Contamination of Water, and Remediation methods.

KROS Publications 42 www.ijacskros.com



